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Abstract

Background: The anti-epileptic effects of docosahexaenoic acid (DHA) in dogs and humans remain controversial.
The dosage and efficacy of DHA were various in the previous reports.

Aim: The effects of high-dose DHA supplementation as add-on therapy for idiopathic epilepsy in dogs were evaluated.
Methods: An open-label clinical trial was designed in this pilot study. Six dogs (median age: 6 years) with idiopathic
epilepsy were included. All the patients were diagnosed with idiopathic epilepsy using magnetic MRI and cerebrospinal
fluid examination (median: 2.0 years before the trial). They had 5—45 seizures and/or auras (median: 9.0) in the month
before starting DHA supplementation. DHA was adjunctively administered at doses of 69—166 mg/kg/day without
changing other prescriptions.

Results: Four of the six patients completed the 6-month observation period. All the patients showed a decrease in
seizure frequency of 50% or more within 2—3 months after the start of the administration, and three patients decreased
to a frequency of 0—1 per month after 5—6 months. No clear adverse events were observed in the general condition or
blood test results in any patients.

Conclusion: Although the sample size was small and the study was not a randomized controlled trial, the data suggest
that add-on supplementation of DHA could be useful in reducing the frequency of seizures in canine idiopathic epilepsy.

Keywords: Docosahexaenoic acid, Dogs, Drug-resistant epilepsy, Idiopathic epilepsy, Omega-3 fatty acids.

Introduction

In dogs, idiopathic epilepsy is a condition of repeated
seizures in which there are no organic lesions in the
brain and no clear origin of the seizures (Berendt et
al., 2015). This form of epilepsy is one of the most
common chronic neurological disorders observed
in dogs. Although prevalence varies depending on
the study, it has been reported to be from 0.62% to
1.84% (Kearsley-Fleet et al., 2013; Heske et al., 2014;
Hamamoto ef al., 2016). The International Veterinary
Epilepsy Task Force published a consensus statement
regarding the treatment of idiopathic epilepsy in dogs
(Sofie et al., 2015). In many cases, the frequency of
seizures can be sufficiently reduced by prescribing
antiepileptic drugs (AEDs) according to guidelines.
However, in less than 30% of these cases, the frequency
and severity of seizures cannot be reduced even with
multiple AEDs (Trepanier et al., 1998). Therefore, the
development of medications that support the action of
AEDs has garnered significant research attention with
the goal of improving quality of life.

Docosahexaenoic acid (DHA) is an omega-3 fatty acid
abundantly found in blue fish and crustaceans. Although
DHA intake is known to have a positive effect on brain
function (Lauritzen et al., 2016), its association with
neural diseases such as epilepsy remains controversial.
In a 2018 systematic review, four of nine studies
in human patients reported a significant positive
association between omega-3 fatty acids and epileptic
seizures; however, the authors could not conclude a
beneficial effect because of the low statistical power
(Pourmasoumi et al., 2018). Another clinical study of
99 patients reported that the administration of DHA at a
dose of approximately 33.4—49.1 mg/kg/day reduced the
frequency of seizures in patients with refractory epilepsy
(Ibrahim et al., 2018). Two papers have been published on
the administration of omega-3 fatty acids for idiopathic
epilepsy in dogs; however, the AEDs of DHA have not
been clearly indicated (Scorza et al., 2009; Matthews et
al., 2012). In these studies, dogs were administered 2 g/
head/day of whole omega 3 fatty acid and 25 mg/kg/day
of DHA, respectively, which were lower doses than those
reported in humans, and the ratio of DHA components
to fatty acids was ambiguous in one study (Scorza et
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al., 2009). In addition, the NOAEL of DHA + EPA in
healthy dogs has been reported to be sufficiently higher
than these doses (Takeda Pharmaceutical Company,
2020), suggesting that DHA can be safely administered
at higher doses than those reported in previous studies.
Therefore, we conducted an open-label clinical trial to
clarify the effects of supplemental treatment with a high
dose of DHA in dogs with idiopathic epilepsy.

Materials and Methods

Inclusion criteria

Animals that had been in regular follow up at the
center were enrolled in the trial between 2019 and 2021
(Table 1). The inclusion criteria were as follows: 1- to
10 -year-old dogs; clinically diagnosed with idiopathic
epilepsy; that had been on AEDs at the same dose(s) for
at least 2 months; and had seizure and/or aura episodes
more than twice per month. The diagnosis of idiopathic
epilepsy (with a Tier II confidence level) was concluded
in accordance with the guidelines of the International
Veterinary Epilepsy Task Force (De Risio ef al., 2015)
as follows: absence of neurological abnormalities during
the interictal period; unremarkable results of cranial MRI
examination; and reactive seizures ruled out via medical
records, physical examination, and blood examination.
As part of the selection process, the trial was discussed
with the owners, and consent was obtained. Six dogs
were identified as fit and enrolled in the trial (Table 1).
Procedure

DHA supplements (DHA70 BAPT, Bizen Chemical,
Okayama, Japan) were prescribed at a dose of 50—-100
mg/kg to be taken every 12 hours (100-200 mg/kg/day)
for 6 months. The DHA capsules were oval in shape,
measuring 13 mm long and 7.5 mm in diameter. During
the trial period, the owners were advised to continue
administering AEDs that had been prescribed prior to
the study. Follow-up visits were performed each month
to check for the following: seizure episodes, vital signs,
physical assessment, and changes in patient behavior/

Table 1. Patient characteristics and AED doses.

activity. Clinical pathology, including routine complete
blood count, alanine aminotransferase (ALT), alkaline
phosphatase (ALP), blood urea nitrogen (BUN), and
creatinine (CRE) was assessed every 3 months for
clinical assessment. Total cholesterol (TCHO) and
triglyceride (TG) were obtained from one patient.
Routine blood examinations were performed by a
veterinarian using a ProCyte Dx hematology analyzer
(IDEXX Laboratories, MA, USA) and DRI-CHEM
7000V (FUJIFILM VET Systems, Tokyo, Japan).

As humane endpoints, any animal that showed negative
reactions to supplementation was withdrawn. The
dropout criteria were defined as follows: occurrence of
status epilepticus and/or cluster seizures; critically poor
general physical condition; loss of more than 5% of
total body weight post-administration; the presence of
remarkable clinical pathology results; non-compliance
with DHA administration; and owner withdrawal.
Statistical analysis

All statistical analyses were conducted using XLSTAT
Life Science (version 2021.2.2.1141, Addinsoft, Paris,
France) as an add-on application in Microsoft Excel
(Microsoft Corporation, Redmond, Washington, DC).
Friedman and Nemenyi post-hoc tests were used
to compare the time periods. No missing data were
imputed. The significance level was set at p-value
<0.05.

Ethical approval

This open-label prospective canine clinical trial was
conducted at the Veterinary Medical Center, University
of Tokyo (Tokyo, Japan), following approval from
the ethics and welfare committee of the center
(#VMC2018-5).

Results

Six dogs were initially enrolled in this study, as shown
in Table 1. Four patients had a history of generalized
tonic-clonic seizures, while the other two had recurrent
focal motor seizures in the forelimbs. All patients were

Case Breedin Age Sex BW Seizure tvpe Period from Doses of AEDs
g (year) (kg) yp diagnosis (mg/kg, twice daily)
. . . ZNS 10, PGB 4.1,
1 Chihuahua 3 M 2.0 Tonic-clonic 1.5 year LEV 20.8, KBr 25
o Shetland 7 nF 17 Tonic-clonic 3 years PB 2.6, ZNS 11.6
Sheepdog

3 ToyPoodle 9 oM 65 LI T 25years  LEV9.2,KBr15.5
seizures

4  ToyPoodle 6 o ap CeEbEEEL o ZNS 3.8

tonic-clonic

5 Pomeranian 2 F 2.5 FOC?I motor 1 year ZNS 4
seizures

6 Saluki 6 nF 21 Tonic-clonic 3 months ZNS 7.1

(M): male; (F): female; (nM): neutered male; (nF): neutered female.
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diagnosed with idiopathic epilepsy using MRI and
CSF tests following the guidelines under the Tier II
confidence level for diagnosing idiopathic epilepsy in
dogs. The median age of the animals was 6 years (range:
2-9 years), and the median period of diagnosis was 2.0
years before the start of the trial (range: 3 months to 4
years). Doses and responses to DHA supplementation
are shown in Table 2. With a median dose of 121.8
mg/kg/day (range: 69.1-166 mg/kg/day), five patients
received oral DHA capsules twice daily, whereas the
remaining patient only received the capsule once daily
due to a misunderstanding. One patient withdrew from
the program due to inconsistent adherence to the trial
protocol, and another withdrew due to changes in
primary AED medication.

The assessment of seizure activity revealed that all
remaining animals receiving DHA supplementation
showed improvements in the frequency and severity of
seizures and auras (Table 2). They had 545 seizures
and/or auras (median: 9) within 1 month of starting
DHA supplementation. They were treated at doses of
41.5 to 83 mg/kg once or twice daily in total 69.1 to
166 mg/kg/day of DHA (median, 109.2 mg/kg/day).
Four of the six dogs completed the 6-month observed
period without changes in medication. The seizure
frequencies of all patients decreased by 50% or more
by 2-3 months after the start of DHA supplementation,
and those of three patients decreased to 0-1 per
month at 5-6 months. Statistical analyses using the
Friedman test (p = 0.00249) showed differences in
seizure frequency among the groups at the time of the
trial. Further analyses using the Nemenyi post-hoc
test (p = 0.0338) revealed that the total frequency of
seizures and auras was significantly different between
the pre-trial period and at 5 months after the start of
supplementation. The results of body weight and blood

examination tests are shown in Table 3. Adverse events
related to supplementation were not observed in any
cases. No problems were identified during physical
examinations or follow-up interviews.

Two patients had to be withdrawn from the trial. Case
5 was a 2-year-old intact female Pomeranian dog with
a history of focal motor seizures. She was administered
oral DHA supplementation at an inappropriate dose
of 69.1 mg/kg once daily instead of twice due to
miscommunication. Owing to the size of the DHA
capsule, the owner struggled to administer it. The
veterinarian advised the owner to decapsulate it and mix
the contents with the feed; however, it appeared that the
patient missed the appropriate amount of DHA despite
multiple attempts during the observation period. The
owners were not able to record the precise number of
seizures at the time of the trial but felt that the severity
and frequency of seizures decreased. After consulting
with a veterinarian, the patient withdrew from the
program. Case 6, a 6-year-old neutered female Saluki
dog with tonic-clonic seizures, was also excluded from
the trial due to an alteration in AED medication. Prior
to withdrawal, the seizure activity of the patient had
apparently reduced at a dose of 63.2 mg/kg twice daily.

Discussion

In this study, an open-label clinical trial was conducted
on six dogs with idiopathic epilepsy. Four of the six
patients completed the 6-month observed period
without changes in their primary AED regimens. All
dogs showed a decrease in seizure frequency of 50%
or more at 2-3 months after the start of administration,
and three of the four dogs decreased to 0—1 per month
at the end of the study period. These data suggest that
DHA may be a useful supplement for treating canine
idiopathic epilepsy. While statistical changes were

Table 2. Effects of DHA supplementation on seizure frequency.

Doses of DHA Frequency of seizures
Case
(mg/kg) perday Pre 1month 2 months 3 months 4 months S5 months 6 months
| %3 ) 4 3 1 2 1 0 0
@®) @) 3) O (©) (©0) (0)
3 2 0 2 0 0 1
2 58.5 2
@ (©) @ (M (M (M (0)
4 50.7 2 45 48 29 14 8 5 11
6 6 7 2 2 0
3 83.0 2 0
(0) © ©) O (©0) (M
5 69.1 1 20 20% 20% D.O.
6 63.2 2 5 2 0 D.O.

(*): duration of seizure was improved; Parentheses, the number of aura; (D.O.): dropped out (see the Result).
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Table 3. Pre- and post-supplementation body weights and test results.

Time after BW  Platelets  ALT ALP BUN CRE TCHO TG
Case DH3A (k)  (Kmp)  (@UDH  (UADH  (mgd)  (mgd)  (mg/dl)  (mgd)
supplementation (14.8-48.4) (17-78) (<254) (9.2-29.2) (0.40-1.40) (111-312) (30-133)

Pre 2.04 56.4 91 256 17.5 0.37 N.D. N.D.

1 3 months 2.14 66.6 132 235 14.9 0.35 N.D. N.D.

6 months 2.06 47.6 116 245 12.7 0.35 N.D. N.D.

Pre 18.1 41.4 91 >3,500 13.7 0.73 N.D. N.D.

2 3 months 18.5 N.D. 138 >3,500 10.3 0.67 N.D. N.D.

6 months 18.6 472 96 2,762 13.0 0.62 N.D. N.D.

Pre 3.88 47.1 69 266 24.6 0.75 N.D. N.D.

3 3 months 3.96 45.0 81 272 16.2 0.45 N.D. N.D.

6 months 3.82 34.7 86 211 21.8 0.58 N.D. N.D.

Pre 6.46 333 91 67 N.D. N.D. 212 36

4 3 months 6.76 37.4 110 118 N.D. N.D. 210 119

6 months 6.8 26.8 126 124 N.D. N.D. 211 192

Pre 2.52 28.6 37 174 27.0 1.10 N.D. N.D.

5 3 months 2.48 37.0 30 148.0 19.3 0.66 N.D. N.D.
6 months - - - - - - - -

Pre 21.8 7.7 173 175 16.5 0.94 N.D. N.D.

6 3 months 21.8 7.0 N.D. N.D. N.D. N.D. N.D. N.D.
6 months - - - - - - - -

Ranges, reference intervals; (N.D.) not determined; (-): not followed.

observed, the sample size was small, and the power
was quite low. A large-scale trial is needed to verify the
effectiveness of DHA as a supplement for idiopathic
epilepsy in dogs.

There have been few reports on DHA administration in
dogs with idiopathic epilepsy showing a clear effect. In
2009, a 2-year-old Great Dane with idiopathic epilepsy
was treated with 2 g/head/day of omega-3 fatty acids
derived from fish oil (Scorza et al., 2009). The body
weight of the dog was not reported. The seizure
frequency decreased from 2 to <1 within 2—3 months.
Although this result suggests that omega-3 fatty acids
could be effective for idiopathic epilepsy in dogs, the
dosage was unclear, and the proportion of DHA in the
omega-3 fatty acids was not indicated. In another report
by Matthews et al. (2012) 40 mg/kg EPA, 25 mg/kg
DHA, and 2.2 mg/kg vitamin E were administered to
15 dogs with idiopathic epilepsy treated with AEDs
for 12 weeks. While no adverse effects were observed,
there was no clear decrease in seizure frequency or
severity. In this study, all patients were administered
DHA at doses of 69 to 166 mg/kg/day, which was more
than two to six times higher than those used in previous
studies, including in human reports (Ibrahim et al.,
2018; Pourmasoumi et al., 2018). Moreover, the DHA/
EPA ratio was higher than that previously reported.
The high dose and purity of DHA could be one of the
reasons for its high efficacy in this study. There are

similarities in the pathogenesis and pathophysiology of
canine and human epilepsy (Chandler, 2006), implying
that research on canine patients could be translated to
treatment in humans. The present data also indicate the
scope for reconsidering effective dosages of DHA in
human patients with epilepsy.

The mechanism by which DHA reduces seizure
frequency in epilepsy is not well understood. In reports
using the epileptic mice model, DHA is suggested
to increase serotonin secretion, promote serotonin
receptors in postsynaptic membranes, and increase
neurosteroid secretory activity (Patrick and Ames,
2015; Ishihara et al., 2017). In addition, omega-3
fatty acids, such as DHA, are abundant in nerve cells
in the cerebral cortex and are known to increase the
fluidity of cell membranes and cell plasticity (Lauritzen
et al., 2016). DHA also reduces the inward calcium
currents and prolongs the inactivated state of cells after
action potentials (Xiao et al., 1997). Identifying the
mechanism of action of DHA was beyond the scope
of this study. However, our findings provide evidence
regarding its positive effect and are expected to support
future research analyzing the physiological effects of
DHA in epilepsy.

The efficacy of DHA tended to be observed
approximately 1-3 months after the start of treatment,
and statistically significant differences were observed
5 months after the start of treatment. This is consistent
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with the results of a previous study in patients with
epilepsy (Ibrahim et al., 2018). In the body, DHA
function is dependent on dietary supply (Gao et al.,
2009). DHA is first trapped in low-density lipoprotein
(LDL) pools, and the free form of DHA is systemically
released after the LDL pool is saturated (Taha et al.,
2010). It has been reported that the concentration of
DHA in the CSF increases after consistent dietary
intake (Levi et al., 2014). These distribution systems
may take a long time to exert the antiepileptic effects
of DHA.

There are several known adverse effects of DHA in
humans. The DHA/EPA preparation omega-3 fatty
acid ethyl (Lotriga, Takeda Pharmaceutical Company,
Tokyo, Japan) was approved in 2012 for hyperlipidemia
treatment. According to the interview form, 948 adults
were treated with 2 or 4 g of triga. Of these, 91 (9.6%)
had adverse effects, mainly diarrhea (2.5%) (Takeda
Pharmaceutical Company, 2020). As other serious
side effects, the elevation of AST, ALT, AL-P, y-GTP,
LDH, bilirubin, etc. has been suggested (Takeda
Pharmaceutical Company, 2020). In a clinical trial of
DHA administration in pediatric epilepsy reported by
Ibrahim et al. (2018) loss of appetite, fever, and rash
were observed by treatment of not only EPA or DHA
but also placebo. In addition, DHA and EPA are known
to have anticoagulant effects (Swanson et al., 2012),
suggesting that they should be used with caution in
patients with diseases associated with a high risk of
bleeding and in those taking anticoagulants. A repeated-
dose toxicity study using healthy adult dogs was
conducted using Lotriga’s interview form. According to
one report, the NOAEL was >1,000 mg/kg/day for over
52 weeks (Takeda Pharmaceutical Company, 2020). As
the DHA content of the drug is approximately 36.7%
(Takeda Pharmaceutical Company, 2020), >367 mg/kg/
day of DHA is estimated to be the NOAEL in dogs. Mild
suppression of body weight gain was observed without
changes in food consumption or coat contamination
(Takeda Pharmaceutical Company, 2020). In another
study, the breath smell worsened (Scorza et al.,
2009). However, no side effects suggestive of severe
abnormalities were observed in any of the dog. In this
study, no adverse effects were observed during the
observation period. Nevertheless, based on previous
reports, it is better to continue paying close attention to
gastrointestinal symptoms, liver disorders, coagulation
systems, body weight, and coating conditions.

This study had several limitations. This was a pilot
study, and the reproducibility of the results is not
guaranteed, although the findings were found to be
statistically significant. Because the test was designed
as an open-label trial rather than a blind test, it is subject
to owner and observer biases. A control group was not
included because of ethical considerations. The other
prescriptions, except for DHA, did not change from 2
months before the start of the trial to the end; however,

this does not completely account for the possibility that
seizure symptoms were improved by drugs other than
DHA during the observation period.

Conclusion

This pilot study investigated the potential of high-
dose DHA preparation as an ancillary treatment for
canine idiopathic epilepsy. After several months of
supplementation, the frequency of seizures and auras
decreased without any apparent adverse effects. A
large-scale study will likely prove its effectiveness as a
supplement in idiopathic epilepsy.
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